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ABSTRACT 

Background: A burn tissue injury is one of the most severe forms of trauma which 

results in severe life-threatening disturbances. Burn injury has many morbid 

complications, so it needs a multi-disciplinary care team according to the burn center 

to reduce its mortality and morbidity. 

Methods: This article aims to review drawbacks and complications associated with 

the burning injury including Acute Kidney Injury (AKI), Acute lung injury, Heart 

Failure, Electrolyte imbalance, intra-abdominal hypertension in children and adult 

burn patients, and recent challenging treatments.  

Results: Improved understanding of the pathophysiology of burn-induced 

complications can contribute to organizing a well-treatment plan, which leads to 

improved outcomes. 

Conclusions: Herein, the evidence available on the management of all burn induced-

complications is summarized. 

Introduction 

urn is a significant health problem around the 

world and the most burn injuries occur because 

of contact with a heat source like hot solids, 

liquids or fire. Burn injuries are important cause of 

morbidity and mortality throughout the world. Damage 

rate from burns is dependent on the burn severity, the 

extent of it and the age of the patient [1-2]. Although burn 

occurs in both children and adults, it is more severe in 

children Because of their more sensitive skin [3]. Burn in 

children is the third cause of annual child mortality [4]. 

These children face different challenges like pain control, 

electrolyte imbalances, cardiovascular instability and 

sepsis just like adults [5]. After burn injuries, especially 

severe burns, immune and inflammatory response occurs 

within a few hours of injury. Distributive shock and 
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metabolic changes are challenges that happen after this 

unique hypermetabolic response [6]. 

In spite of major advances in burn care, systemic 

complications and burn wound specific problems are 

common [7-10]. In this study, we review the incidence of 

complications associated with the burning injury include 

Acute Kidney Injury (AKI), Acute lung injury, Heart 

Failure, Electrolyte imbalance, intraabdominal 

hypertension in children, and adults burn patients and 

recent challenging treatments. As The mentioned 

complications are associated with the presence of 

Hypertension, we examine the relationship between 

hypertension and burns [9, 11-13]. 

Hypertention 

Blood pressure is essential for the proper functioning of 

the organs and it is obtained by multiplying the value of 

Cardiac output and Systemic vascular resistance. Arterial 

blood pressure is controlled by sympathetic nervous 

system, the plasma volume, and the renin-angiotensin-

aldosterone system. Some genetic and environmental 

factors affect these controlling elements and lead to 

hypertension [14-15]. 

Hypertension is a condition in which systolic blood 

pressure is at 140 mm Hg, or higher, and diastolic blood 

pressure is at 90 mm Hg, or higher, in adults 18 years of 

age or older [16-17]. If it is not diagnosed and cured, its 

long-term effects can cause significant problems like 

myocardial infarction, stroke, aneurysms, renal failure, 

and death [16].  

The World Health Organization (WHO) considers 

hypertension is a main reason of premature death 

worldwide, with upwards of 1 in 5 women and 1 in 4 men 

(over a billion people) [17].  

Hypertension is divided into two main types, primary and 

secondary. Primary or essential hypertension accounts 

for 90-95% of hypertensive patients in adults. Primary 

hypertension is a heterogeneous disorder and its exact 

etiology is not clear. Many factors such as genetic, 

Family history, obesity, high sodium diet, poor potassium 

intake, and lack of physical fitness can cause primary 

hypertension [18-19]. secondary hypertension is rare and 

factors including medication with side effects or medical 

conditions, most commonly Renal parenchymal disease 

cause this type of hypertension [20]. In many cases, 

secondary hypertension is not diagnosed [21].  

Primary and secondary hypertension is seen in children, 

too. Some factors that have relationship with essential 

hypertension in childhood are heredity, diet and obesity. 

Interestingly, secondary hypertension is more prevalent 

than primary one in infants and young children. The 

secondary causes of hypertension in children vary with 

age. Some of the main reasons are Congenital kidney, 

heart, and other organs defect and malformations, renal 

artery thrombosis, renal parenchymal disease, essential 

hypertension and etc. Whether the hypertension is 

secondary or primary, these children need considerable 

attention and care to reduce the mortality and morbidity 

associated with high blood pressure [22-24]. Notably, 

hypertension is a complication of burn injuries in children 

[25]. 

Burn 

Burn is a tissue injury that is a consequence of exorbitant 

exposure to thermal, chemical, and electrical agents and 

has the second-highest morbidity among the world's 

trauma-related injuries. The skin destruction due to a 

severe burn injury can disturb fluid and heat regulation 

which predominantly will cause damage to organs within 

a vast range of pathophysiologies [26-27]. 

Cardiovascular troubles ensuing from severe burn 

injuries consist of two phases. Immediately after injury, 

the cardiac output will decrease as a result of depressed 

myocardial function leading to tissue hypoperfusion due 

to hypovolemia. In contrast, blood flow increases during 

the hypermetabolic phase, and patients may suffer from 

constant tachycardia and systemic hypertension [27-29]. 

Hypertension is a common complication following burn 

injuries with an unknown etiology specially in children, 

nonetheless hyponatremia and plasma renin elevation has 

been proposed as a reason of hypertension in burn 

patients [30]. 

Burn injuries are classified into four groups based on 

their severity: superficial, superficial partial-thickness, 

deep partial-thickness, full-thickness, and fourth-degree 

burns [31]. This categorization is mainly based on the 

depth of the burn and the total body surface area (TBSA) 

covered by the injury [31-32]. The TBSA is measured by 

the rule of 9's in adults, while in children, because of 

larger head size, it is a bit different [5, 31]. Numerous 

ways of predicting mortality in burn patients have been 

proposed, but the valid ones involve Abbreviated Burn 

Severity Index (ABSI), Baux score, Belgian Outcome in 

Burn Injury (BOBI) [32]. Approximately all of these 

scoring systems predict mortality based on age, sex, 

TBSA, and the degree to which inhalation injury has 

occurred [32-34]. Although several studies have been 

done to devise new predictive scores, these are primarily 

appropriate for research, not for bedside decision-making 

and decisions are mostly made based on doctors’ 

experience. A more robust scoring system that combines 

existing scores is needed [32].  

Burn management is a complicated field, including a 

wide range from initial management, checking the 

patient's ABCs (airway, breathing, and circulation), to 

skin grafts and cosmetic surgeries. Massive fluid losses 

occur following severe burn injuries, so fluid 

management is vital in burn patients [5, 35]. During the 

hypermetabolic phase of burn patients due to loss of skin, 

sepsis management needs to be incorporated in these 
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patients' plan service [35]. In response to burn, the human 

body reacts in a complex manner; therefore, more studies 

must be conducted to discover different aspects of this 

complicated trauma injury. 

Acute Kidney Injury in Burn Patients 

Acute kidney injury (AKI) is a prevalent complication in 

patients who are admitted to hospitals after severe burn 

injuries. Several studies demonstrated that AKI is closely 

related to morbidity and mortality in these cases; for 

instance, Clemens et al. [36] spotted that AKI in intensive 

care units is correlated with mortality of 40-60% [37-38]. 

Kidney injuries after severe burn are divided into early 

and late categories, which have different etiologies. Early 

AKI mostly occurs as a consequence of hypovolemia, 

poor renal perfusion, and direct cardiac suppression from 

TNF-alpha; meanwhile, late AKI is frequently the result 

of sepsis, multi-organ failure, and nephrotoxic drugs [39-

41]. Recent studies emphasize on the association of intra-

abdominal hypertension with AKI in burn patients, which 

indicates that it's early diagnosis will lead to a reduced 

mortality rate [42]. Early diagnosis is immensely difficult 

due to its wide range of etiologies, and Several 

biomarkers have been introduced in order to diagnose 

AKI instantly after admission; as a result, the incidence 

of AKI vary exceptionally in different studies (from 1% 

to 64%), but the normal incidence is 30-50%; however, 

abrupt changes in serum creatinine (sCr) and urine output 

(UOP) are routinely accessible clinical biomarkers which 

are used to classify the severity of AKI [39, 43-44]. 

Recent studies have suggested the use of whole blood 

neutrophil gelatinase associated lipocalin (NGAL), 

serum cystatin C, and neutrophil/lymphocyte ratio as an 

early biomarker for diagnosis of AKI in burn patients 

because, unlike traditional ones; these three have the 

potential to predict AKI as soon as the patient is 

undergoing resuscitation after extreme burn injury 

(Figure 1) [41, 45-47].  

Although AKI is a known complication in burn patients, 

its treatment is mainly based on the avoidance of 

nephrotoxins such as aminoglycosides, cephalosporins, 

and other agents which are used in burn patients, and 

renal replacement therapy is only used in severe AKI 

cases [39, 48]. One study in 2013 reveals the role of 

Umbilical Cord Mesenchymal Stem Cell (UC-MSCs) in 

decreasing the number of renal apoptotic cells in rats with 

burn-induced AKI, but further studies need to be done in 

this regard [49]. Heme oxygenase-1 activation by 

intraperitoneal hemin is shown to be ameliorative in 

major-burn rat models via Toll-like receptor (TLR) 4 

signaling pathway, and TLR4/nuclear factor kappa B 

(NF-κB) signaling pathway has been proposed as a 

possible regulator of renal inflammation that may 

preserve renal function following severe burns [50-51]. 

Therapeutic strategies in AKI are mostly hinged upon 

preventive cares, and to this day, there is no approved 

pharmacologic intervention for it, so further animal 

studies and clinical trials need to be conducted to discover 

novel curative agents for this complication which is 

utterly correlated with high mortality rate in burn 

patients. 

Acute Lung Injury in Burn Patients 

Acute lung injury (ALI) is one of the most common 

complications of burn, which increases the risk of death 

by 20_40%. ALI is a respiratory failure in which 

epithelial cells of alveoli and blood capillaries are 

damaged. Subsequently, the patient experiences 

hemorrhage and edema in the lungs. Also, reduction of 

campeliance and oxygenation, along with clot formation 

and increased shunt, exacerbate hypoxemia [52]. It is 

estimated that 335,000 people have infected annually 

[53]. Burns can be caused directly by inhaling smoke or 

toxic gases, or by severe burns in other areas of the body 

[54]. 

After that, the production of reactive oxygen species 

(ROS), most notably nitric oxide, increases. Nitric oxide 

produced by induceable nitric oxide syntase (iNOS), in 

reaction with superoxides, produces peroxintrates, which 

is very cytotoxic, and activates inflammazomes. Also, the 

production of NO from arginine reduces it as an 

antioxidant and intensifies oxidative stress [55]. 

Nucleotide-binding domain-like receptor protein 3 

(NLRP3) is one of the strongest inflammazomes that 

stimulates the migration of inflammatory cells [56]. 

Because the non-histone chromosomal protein High 

morbidity group box protein 1 (HMGB1) is responsible 

for the synthesis of proinflammatory cytokines [57], 

Liang et al. [58] claim that p38 mitogen-activated protein 

kinases (p38MAPK) have a role in regulating this 

process. Furthermore, according to O'Connor et al. [59] 

substance P (SP), an endogenous molecule, promotes 

leukocyte production and secretion by binding to 

neurokinin receptor 1(NK 1R). In sum, the result is a 

severe inflammation at the burned site. Proinflammatory 

cytokines are transmitted by blood to the lungs, causing 

inflammation in the lungs. The persistence of this 

inflammation in the lung causes acute lung damage [60]. 

Alongside this, it has been shown that sympathetic 

signaling pathways can also play a role in the migration 

of inflammatory cells [61]. Also, in ALI, the renin-

angiotensin-aldosterone system (RAAS) is damaged and 

the persistence of hypertension worsens hypoxia in two 

ways: exacerbation of inflammation in the lungs and 

reduction of oxygenation (Figure 1) [62].  

In addition, damage to vascular endothelial cells and their 

dysfunction cause clot formation and thromboembolism. 

Hypoxia and inflammation help to form this clot itself. 

The formed clot intensifies pulmonary hypertension and, 

if left untreated, is converted into chronic 
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thromboembolism pulmonary hypertension (CTEPH) 

which is very lethal [63]. In recent years, various 

treatments have been proposed for ALI. Among them are 

vagal nerve stimulation [64], intensive insulin treatment 

[65], sildenafil [66], ligustrazine [67] and ulinastatin [68] 

(Table 1). 

Heart Failure in Burn Patients 

Patients with severe burn injury have increased morbidity 

and mortality over the long term. One of the leading 

causes of mortality is due to reversals in the 

cardiovascular system. Heart failure is a common 

complex clinical syndrome that is associated with a 

functional or structural heart disorder disrupting 

ventricular filling or ejection of blood to the systemic 

circulatory system. Cardiac dysfunction truly contributes 

to a reduction in the quality of life of burnt patients after 

severe burn trauma [69-70]. Cardiovascular troubles 

ensuing from severe burn injuries consist of two phases. 

Immediately after injury, the cardiac output will decrease 

as a result of depressed myocardial function leading to 

tissue hypoperfusion due to hypovolemia. In contrast, 

blood flow increases during the hypermetabolic phase 

and patients may suffer from constant tachycardia and 

systemic hypertension. It has been shown to occur 

without dependence on intravascular plasma loss. 

Therefore, other mechanisms such stress induced 

sarcoplasmic reticulum (SR) Ca+2 leakage, imbalance of 

oxidant/antioxidants, generation of harmful mediators 

such as mitochondria-derived danger associated 

molecular patterns (DAMPS), proinflammatory cardiac 

cytokines (TNF a, IL-B, IL-6) likely play an important 

role in the pathogenesis of burn-induced heart failure. 

To correct the stress-induced alteration in cellular 

signaling pathways specially SR leakage due to oxidative 

stress, Deng et al. [71] has shown that pretreatment of 

30% burnt rat models with antioxidant vitamin C, E 

prevent burn induced SR leakage leading heart failure. 

similar to other studies, J Wen et al. [72] found that 

treatment of male rats with 60% total body surface area 

(TBSA) with mitochondrial-targeted antioxidant, 

Triphenylphosphonium chloride (Mito-TEMPO) 

significantly reversed burn induced cardiac dysfunction. 

In another in vitro study by them [73], treatment of 60% 

total body surface area burnt rat models with AMPK 

(AMP-activated protein kinase) and PGC1α (peroxisome 

proliferator-activated receptor-Y coactivator-1α) 

agonists improved Ac16 cell cardiac mitochondrial 

damage through suppressing cardiac oxidative stress. As 

a result, they found that Burn induced heart failure occurs 

via the AMPK-SIRT1-PGC1α-NFE2L2-ARE (AMP-

activated protein kinase_ Sirtuin 1_ Peroxisome 

proliferator-activated receptor-Y coactivator-1α_ nuclear 

factor erythroid 2-related factor 2_ antioxidant response 

element) signaling pathway. 

There is evidence that proinflammatory cytokines 

contribute to the development of heart failure following 

a severe burn injury so previous studies have been 

conducted to suppress this pathway. Kita et al. [74] 

proved that p38 mitogen-activated protein kinase 

(p38MAPK) induced expression of pro-inflammatory 

cytokine. In another study, D. Niederbichler et al. [75] 

demonstrated that Vagus nerve stimulation improve 

cardiac function via decreasing production of 

proinflammatory cytokines. Another study noted that 17-

Estradiol has cardio-protective effect in rat models by 

suppressing DAMPs and inhibiting production of 

inflammatory cytokines after burn injury [76]. 

Electrolyte Imbalance in Burn Patients 

In the setting of burn patients, severe electrolyte 

abnormalities are less reported in burned patients’ 

follow-up. Burn can disarrange the concentration of 

important ions in the body such as sodium, potassium, 

phosphate, and calcium. Calcium plays an important role 

in our bodies. Hypocalcemia development is most known 

in thermal injuries but some studies have been shown that 

hypercalcemia is also seen in burn patients in burn 

intensive care [77-78]. In the study by Gordon et al. [79] 

severe burn children who have hypocalcemia 

experienced hypomagnesemia and parathyroid hormone 

(PTH) concentration reduction and PTH-end organ 

resistance (Figure 1).  

Phosphate is another important ion that has variance 

concentration change in burn patients. Incidence of 

hypophosphatemia (66.4%- 79.5%) [80-82] is more than 

hyperphosphatemia (17.2%) (83) in burn patients. 

Hyperphosphatemia is seen in AKI patients and patients 

with higher total body surface area (TBSA). on the other 

hand, hypophosphatemia is more common in patients that 

stay in burn units and have complications that involve 

multiple organs [83]. 

Potassium is a major intracellular fluid and has the 

highest concentration in ICF. In burn patients, 

erythrocyte destruction happens, and intracellular 

potassium release into plasma causes hyperkalemia [84]. 

A study done by Hauhouot-Attoungbre et al. [77] showed 

that potassium concentration had increased in 34% of 

burn patients in the first three days, and another study 

demonstrated that potassium concentration reduction and 

elevation in the burned tissue and unburned tissues, 

respectively [85].  

In burn patients’ skin, as a barrier to infections, destroy 

and the body is exposed to microbes like staphylococcus. 

In these patients, we use oral trimethoprim-

sulfamethoxazole (TMP-SMX) [86-87] which causes 

hyperkalemia in 10-20% of patients who used this drug 

[88-95]. Further, a study by Ackerman et al. [86] showed 

that thermal injury is not a risk factor for trimethoprim-

induced hyperkalemia and genetic predisposition is more 
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associated with hyperkalemia. Sodium is one of the most 

important extracellular ions which make osmolality 

pressure in blood. The balance of sodium changes in burn 

patients and thermal injuries lead to hypernatremia. 

Incidence of hypernatremia is reported in various 

numbers (9.9%, 11%, 24.4, 43.33%) [96-99]. 

Hypernatremia can increase mortality rate by up to 60% 

and higher ICU and hospital stay is observed in severe 

burn patients who developed hypernatremia [99-101]. 

Fluid therapy for burn patients is used to manage 

electrolyte abnormalities and there are some fluids in 

burn resuscitation. Primary fluid replacement should be 

crystalloid fluids. Colloid fluid should not be used 

because it causes increased capillary permeability. In 

large resuscitation, Ringer’s acetate is suitable to keep 

electrolyte balance in a normal range. Hypertonic fluid, 

albumin, and plasma are used in the first hours in patients 

who require lower volume [102] (Table 2).  

Intra-Abdominal Hypertension 

Burned patients are vulnerable to the development of 

intra-abdominal hypertension (IAH) and abdominal 

compartment syndrome (ACS) due to the shift of 

excessive fluid to abdomen cavity which is caused by 

increased capillary permeability (as a systematic 

inflammatory response to burn injury) in combination 

with excessive or poorly managed fluid resuscitation 

[103-105]. Normal intra-abdominal pressure (IAP) is 

about 5–7 mm Hg [106-107]. When IAP oversteps 12 

mm Hg, IAH exists and when it reaches 20 mmHg with 

new organ dysfunction, ACS happens [42, 106, 108]. 

There is a correlation between percentage of total body 

surface area (TBSA) that is involved with burn and mean 

IAP [109-110]. Level of peritoneal fluid cytokines (such 

as IFN-g, IL-10, IL-6, and IL-4) correlate with severity 

of the injury in ACS patients [111]. 

Boehm et al. [112] believes that there are different risk 

factors for early-onset (first 4 days after trauma) and late-

onset (from day 5 after trauma or later) ACS. In late-onset 

ACS-patients, fluid therapy seems to have some effects 

on the development of ACS but it has no significant effect 

on appearance of the early-onset ACS. Lyv et al. [113] 

noted that IAH develops in 70% of severely burned 

patients. In patients with major burns, IAP should be 

measured every 2 hours [106]. 

ACS causes decreased cardiac output, oliguria or anuria, 

decreased pulmonary compliance, hypoxia, and bowel 

ischemia and it is lethal when it remains untreated [113-

114]. percutaneous decompression is an effective way to 

decrease IAH and due to that prevents ACS [115]. In burn 

patients with ACS When non-surgical methods lose out, 

Decompressive laparotomy should be done and it can 

reduce the mortality rate [116]. A protracted open 

abdomen which is one of the side effects of 

decompressive laparotomy has significant morbidities 

[117] (Figure 1, Table 3). 

Hypertension and Burn in Children 

Hypertension has been observed as complication of 

thermal injury in children [118-119]. This high 

occurrence of hypertension in pediatric burned patients 

offers a possibility that cardiovascular system of children 

be more vulnerable to effects of burn injury in 

physiologic and metabolic functions than adults [119]. 

Physiologic changes (including metabolic, 

cardiovascular and respiratory rearrangements) happen in 

pediatric burned patients [26]. Local and systemic 

mediators of inflammation are released after severe burn 

injury in such a way that local mediators cause capillary 

leak locally and systemically which causes edema and 

systemic mediators cause a systemic inflammatory 

response immediately after burn injury [5]. Popp MB et 

al. [120] suggested that this hypertension develops 

encephalopathy and seizures. monitoring blood pressure 

and treatment in burned children is important to prevent 

encephalopathy and seizures (Figure 1) [121]. 

Pediatric burned patients are divided in two groups A) 

hypertensive patients and B) normotensive patients. 

Renin-angiotensin-aldosterone system (RAAS) is 

directly stimulated as a response to trauma in 

hypertensive and normotensive patients which means 

trauma stimulus is stronger than normal blood pressor 

controls [120]. there is no  

difference in catecholamine level in hypertensive and 

normotensive burned children [119]. Falkner B et al. 

suggests that high occurrence of hypertension in pediatric 

burned patients with no increased mortality rate shows 

that sustained  

hypertension does not in itself worsen prognosis in 

burned children which means this hypertension might be 

important for survival [119]. 

Hypertrophic scars (making disorganized collagen rather 

than in the normal parallel orientation) and keloids 

(overproduction of ECM and overgrowth of scar tissue) 

are sequelae of burns in children. The best strategy in the 

management of this scares in pediatric burned patients is 

prevention [122]. Standard care of scars and wounds of 

burn includes cleaning and removing devitalized tissue, 

followed by daily dressing changes [26]. Due to severe 

pain that pediatric burned patients feel, using of drugs for 

sedation (such as ketamine) is important [26, 123]. 

In the management of severe burns, sufficient fluid 

resuscitation is a vital component but we have to consider 

that sometimes Over-resuscitation result in pneumonia, 

acute respiratory distress syndrome (ARDS), Multiple 

Organ Dysfunction (MODS), cerebral edema and 

abdominal and limb compartment syndromes (ACS). To 

avoid those effects of over-resuscitation, modified 

Parkland formula (3 ml/ kg/ % burn) is useful for fluid 
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resuscitation calculations, but the patient ’s general 

condition should be considered in the healing process 

[124]. Treatment of burn hypertension includes use of 

diuretics, angiotensin-converting enzyme inhibitors and 

beta-blockers [25] (Table 4). 

 

Figure 1- Burn and its complications in multi-systemic view 

Table 1- AKI in burn patients 

Author Ye

ar 

Participa

nts 

%TBSAΔ Comorbidity Outcomes 

 
AKI No 

AKI 

AKI No AKI AKI No 

AKI 

Karakaya et 

al.[40] 

202

1 

Total 

sample: 

172 (AKI 

patients: 

78) 

47(21.3

) 

29(9) HTN: 9(5.2%) 

DM: 7(4%) 

CAD: 1(0.6%) 

HTN: 2(1.1%) 

DM: 4(2.3%) 

CAD: 0(0%) 

Mortality: 

37(21.5%

) 

Mortali

ty: 

7(4%) 

Thalji et al.[37] 201

6 

Total 

sample: 

18155 

(AKI 

patients: 

842) 

  
Elixhauser 

comorbidities 

score: 3.19 

(3.05) 

Elixhauser 

comorbidities 

score: 1.34 

(1.32) 

Mortality: 

32.54  

length of 

stay, d 

(SD): 31.9 

(40.3) 

Mortali

ty: 

1.89%  

length 

of stay, 

d (SD): 

8.9 

(13.6) 

Kim et al.[41]  201

9 

Total 

sample: 

473 (AKI 

patients: 

71) 

47(26) 35(21) HTN: 9(12.7) 

DM: 7(9.9) 

HTN: 

67(16.7) 

DM: 28(7.0) 

Increased 

TBSA 

burned 

and 

occurrenc

e of 

inhalation 

injury 

were 

independe

nt 

predictors 

of 

postoperat

ive AKI. 

 

Palmieri et al. 

[125] 

200

9 

Total 

sample: 

45.2(19

) 

27.1(6.

7) 

Comorbidities

(%): 35.8% 

Comorbidities

(%): 32.1% 

Sepsis 

during 

Sepsis 

during 
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60 (AKI 

patients: 

32) 

ICU stay: 

75.8%  

ICU 

mortality: 

34.4% 

ICU 

stay: 

28.7%  

ICU 

mortalit

y: 0% 

Kim et al. [45] 201

8 

Total 

sample: 

133 (AKI 

patients: 

35) 

60.5(21

.1) 

34.2(11

.9) 

  
Mortality: 

29 

(82.9%) 

Mortali

ty: 0 

(0.0%) 

Kym et al. [44] 201

5 

Total 

sample: 

85 (AKI 

patients: 

48) 

63.1(19

.4) 

40.3(16

.1) 

  
LD, lactic 

acid and 

serum 

creatinine 

were 

favorable 

in order to 

diagnose 

AKI in 

burn 

patients. 

 

Rakkolainen et 

al.[126] 

201

8 

Total 

sample: 

187 (AKI 

patients: 

51) 

48.1(17

.2) 

33.2(13

.1) 

Pre-existing 

comorbidity: 

22(43.1) 

Pre-existing 

comorbidity: 

47(34.6) 

Mortality: 

27(52.9%

) ICU stay 

time 

(days): 

31.8 

(21.9) 

Mortali

ty: 

10(7.4

%) 

ICU 

stay 

time, d 

(SD): 

23.1 

(14.6) 

Putra et al.[127] 202

1 

Total 

sample: 

89 (AKI 

patients: 

18) 

46.4(24

.7) 

28.5(21

.4) 

  
Mortality: 

15(83%) 

Length of 

stay 

(days): 

14.9 (9) 

Mortali

ty: 

14(20%

) 

Length 

of stay 

(days): 

16.5 

(10.2) 
Δ TBSA is reported by mean (SD). 

AKI, Acute Kidney Injury; CAD, Coronary Artery Disease; DM, Diabetes Mellitus; HTN, Hypertension; ICU, Intensive Care Unit; LD, Lactate 

Dehydrogenase; SD, Standard Deviation; TBSA, Total Body Surface Area 

Table 2- Electrolyte imbalance in burn patients. 

Authors Year Participants % TBSA Comorbidity Outcomes 

DM HTN HF 

Sam R et al. 

[78] 

2007 54 Hypercalcemia 

patients: 10 (6 

male; 4 female) 

(19%) 

In patients with 

serum calcium > 

10.5 mg/dl, n = 10 

(%) 

<25% = 3 (11%) 

>25% = 7 (27%) 

   Mortality in patients 

with serum calcium > 

10.5 mg/dl n = 10 (%): 

30% 

Length of stay  

28-40: 2 (8) 

40-60: 2 (20) 

>60: 6 (46) 

Klein GL et 

al. [79] 

1997 10 children 

(8 boys; 2 girls) 

57.1 ± 17.2    Hypocalcemia: 9 (90%) 
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Leite HP et 

al. [80] 

2017 78 children (54 

male; 24 female 

No. of patients 

with TBSA burn 

≥ 40%: 24.4 

 

   Length of hospital stay* 

(days): 32.5 (19–66) 

Length of ICU stay*: 9 

(4–22) 

Severe sepsis and/or 

septic shock [n (%)]: 23 

(29.5) 

Rimaz S, 

Moghadam 

et al. [81] 

2019 137 (96 male; 41 

female) 

<40% [n(%)]: 72 

(53) 

40-60% [n(%)]: 

29 (21) 

>60% [n(%)]: 36 

(26) 

Mean ± SD: 32.6 

± 14% 

   Inhalation injury 

[n(%)]: 41 (29) 

Need to mechanical 

ventilation [n(%)]: 

29(21) 

Hypophosphatemia: 

75.1% 

Kuo G et al. 

[83] 

2018 301 (236 male; 65 

female) 

Normal P (2.5 to 

4.5mg/dL) 

43.4±22.9 

High P (>4.5 

mg/dL) 

57.0±30.7 

28 

(11.2%) 

6 

(11.5%) 

38 

(15.3%) 

13 

(25.0%) 

 Ninety-day mortality: 

45 (18.1) 

Renal replacement 

therapy: 20 (8.0) 

Sepsis 76 (30.5) 

Ninety-day mortality: 

28 (53.8) 

Renal replacement 

therapy: 8 (15.4) 

Sepsis: 14 (26.9) 

Ackerman 

BH et al. 

[86] 

2013 With 

hyperkalemia 

34 

Without 

hyperkalemia 

166 

18.9 ± 21.7 

11.7 ± 14.7 

   Length of stay (days): 

41.6 ± 42.0 

Ventilated 

(Days): 32.7 ± 44.0 

Length of stay (days): 

18.8 ± 22.0  

Ventilated (Days): 20.0 

± 26.9 

Stewart IJ et 

al. [96]  

2013 1973 (1701 male; 

272 female) 

Median (IQR): 9 

(4–20) 

   Inhalation injury, n (%)  

 250 (13) 

Electrical burn, n (%) 

103(5) 

Hypernatremia, n (%) 

194 (9.9) 

Hyponatremia, n (%) 

134 (6.8) 

Median ICU days (IQR) 

Hypernatremia patient 

 35 (15–65) 

Hyponatremic patients 

 11 (3–32) 

Median hospital days 

(IQR) 

Hypernatremia  63 

(34–100) 

Hyponatremia42 (18–

72) 

Mortality, % 

Hypernatremia patient: 

33.5 

Hyponatremic patients: 

13.8 
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Namdar T et 

al. [97] 

2010 40 (12 female; 28 

male) 

Without 

hypernatremia 

(Group A) 

Hypernatremia 

(Group B) 

23 (11) 

30 (13) 

   ICU mortality [n (%)]: 

0 (0) 

In-hospital mortality [n 

(%)]: 0 (0)  

ICU mortality [n (%)]: 

3 (20) 

In-hospital mortality 

[n(%)]: 3 (20) 

Warden GD 

et al. [98] 

1973 135 severe burn 

patients (111 

male; 24 female) 

Burn surface area 

(%): 54.2 ± 21.4 

Full-thickness 

burn area (%): 

24.8 ± 22.3 

   Inhalation injury (n, %): 

22 (24.4) 

Hypernatremia (n, %): 

33 (24.4) 

Hypernatremia onset 

(day): 8.3 ± 4.8 (5-21) 
*Median and interquartile range. 

DM, Diabetes mellitus; ICU, Intensive Care Unit; HTN, Hypertension; HF, Heart Failure; TBSA, Total body surface area. 

Table 3- Intra-abdominal hypertension. 

Year Authors Participants TBSA Comorbidity Outcomes 

2014 McBeth et 

al.[128] 

Male: 139 

Female: 36 

Average: 31.4%  110 patients required ICU/ 39 

patients died from their 

injuries 

2019 Talizin TB et 

al.[129] 

Male: 33 

Female: 13 

Average: 30.5%  38 patients developed IAH/ 32 

patients developed AKI/ 

11 patients developed ACS/ 25 

patients died 

2021 S. G. Strang et 

al.[130] 

Total sample: 

58 

10%<TBSA<40%  31 patients developed IAH/ 

17 patients developed new 

organ failure/ 

no patients developed ACS 
ACS, Acute Coronary Syndrome; AKI, Acute Kidney Injury; IAH, Intraabdominal Hypertension; TBSA, Total body surface area 

Table 4- Hypertension and burn in children 

Year Authors Participants TBSA Comorbidity Outcomes 

1980 Pop et al. [29] 987 children TBSA<20%: 451 

 

 7.4% developed hypertension 

20%<TBSA<40%: 

300 

26% developed hypertension 

TBSA>40%: 236 38.5% developed hypertension 

2018 Ojeda et al. 

[131] 

104 children 30%<TBSA<92%  Prescribed dose of Propranolol 

to sedate the pain was not 

affected by the range of TBSA 

or gender 

2019 Weis et al. 

[132] 

Total sample: 

258 children 

Male: 158 

Female: 100 

Average: 20.4% Incidence of 

HTN: 62.8% 

Prescription of Tumescence 

during operation in burned 

children has significant 

correlation with hypertension. 
HTN, Hypertension; TBSA, Total Body Surface Area 

Conclusions 

In burns, hypertension is caused by systematic 

inflammation, oxidative stress, sepsis and 

hypermetabolism in the body, which causes dysfunction 

in vital organs such as the heart, Lungs, and kidneys. 

Also, edema in the abdominal space causes 

intraabdominal hypertension and leads to electrolyte 

imbalances. The mentioned injuries are more severe in 

children in comparison to adults. Hence, managing burn 

patients in the emergency department is a critical issue. 

 

Abbreviation 

AKI: Acute Kidney Injury 

TBSA: Total Body Surface Area 

ABSI: Abbreviated Burn Severity Index 

BOBI: Belgian Outcome in Burn Injury 



352 Mohammadyari et al.: Burn and Hypertension: How Are They Related? 

patient's ABCs: airway, breathing, and circulation 

SCr: Serum Creatinine  

UOP: Urine Output  

NGAL: Neutrophil Gelatinase Associated Lipocalin 

UC-MSCs: Umbilical Cord Mesenchymal Stem Cell 

TLR: Toll-Like Receptor 

NF-kB: Nuclear Factor kappa B 

ALI: Acute Lung Injury 

ROS: Reactive Oxygen Species  

iNOS: Induceable nitric oxide syntase 

NLRP3: Nucleotide-biding domain-like Receptor 

Protein 3 

HMGB1: High Morbidity Group Box Protein 1  

p38MAPK: p38 Mitogen-Activated Protein Kinases 

SP: Substance P 

NK 1R: Neurokinin Receptor 1 

RAAS: Renin-Angiotensin-Aldosterone System  

CTEPH: Chronic Thromboembolism Pulmonary 

Hypertension 

SR: Sarcoplasmic Reticulum 

DAMPS: Danger Associated Molecular Patterns 

AMPK: AMP-activated protein kinase 

PGC1α: peroxisome proliferator-activated receptor-Y 

coactivator-1α 

AMPK-SIRT1-PGClaNFE2L2-ARE: AMP-activated 

4 protein kinase_ Sirtuin 1_Peroxisome proliferator-

activated receptor-Y coactivator-la nuclear factor 

erythroid 2-related factor 2_ antioxidant response 

element 

PTH: Parathyroid Hormone 

ICF: Intracellular Fluid 

TMP-SM: Trimethoprim-Sulfamethoxazole  

IAH: Intra-Abdominal Hypertension  

ACS: Abdominal Compartment Syndrome 

IAP: Intra-Abdominal Pressure  

ACS: Abdominal and limb Compartment Syndromes  

ARDS: Acute Respiratory Distress Syndrome  

MODS: Multiple Organ Dysfunction 
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